Objective The influence of T-786C polymorphism in the promoter region of endothelial nitric oxide synthase (eNOS) on arteriosclerotic parameters by age and gender were examined. Methods Brachial-ankle pulse wave velocity (baPWV), heart-rate adjusted augmentation index (AIx@75), pulse pressure (PP) and albumin-creatinine ratio (ACR) were assessed as arteriosclerotic parameters in addition to nonhigh-density lipoprotein cholesterol (non-HDL-C) to HDL-C (non-HDL-C/HDL-C) ratio in 1499 participants. T-786C polymorphism (rs2070744) was screened using a TaqMan allelic discrimination assay. Analyses of covariance were carried. Results Women with the non-C allele showed significantly lower AIx@75 in participants aged \65 years and baPWV in participants aged C65 years than those with C allele. In contrast, men with the non-C allele showed significantly higher PP in participants aged \65 years, and higher ACR and non-HDL-C/HDL-C ratio in participants aged C65 years. In men on cholesterol-lowering medication, the non-C allele carriers showed significantly higher non-HDL-C compared to those in the C allele carriers. Conclusions eNOS T-786C polymorphism is significantly associated with arteriosclerotic parameters accompanied with age and gender differences, possibly involving antioxidative and/or endothelial signaling other than inflammatory signaling.
Introduction
Arterial stiffness is a hallmark of natural aging process, and contributes to progression of atherosclerosis, diabetes, chronic renal insufficiency, and further, cardiovascular diseases (CVD); which is the major death risks in the world [1] . Structural and cellular changes in vessel wall are considered to be major underlying mechanisms of stiffening [2] . Structural change is defined as compliance and distensibility and cellular change in vessel wall is mainly induced by alteration of endothelial function [3] . The predominant mediator of endothelial function is nitric oxide (NO). The endothelial nitric oxide synthase (eNOS) is expressed not only in the endothelium, but also in platelets, cardiomyocytes, kidney, red blood cells and elsewhere [4, 5] . The eNOS is considered to protect vessel wall from stiffening and contributes to maintain vascular homeostasis [6] . Among major polymorphisms in the eNOS gene, T-786C mutation in the promoter region is considered to have critical role on CVD [7] . It has been originally reported to be associated with coronary spasm [8] . Several meta-analysis reports suggest positive associations between this polymorphism and hypertension, ischemic stroke, diabetic nephropathy and coronary artery disease (CAD) accompanied with age and racial differences [9] [10] [11] [12] .
Non-invasive methods have been developed to evaluate the degree of arterial stiffness, including pulse wave velocity (PWV), augmentation index (AIx), and pulse pressure (PP). These indices are considered to reflect structural changes in vessel; however, it has been reported that AIx and brachial-ankle PWV (baPWV) reflect not only structural change in vessel but also endothelial dysfunction. Significant decrease of AIx@75 by NO stimulator b 2 -agonist salbutamol [13] and significant positive association between AIx and asymmetric dimethylarginine (ADMA), an endogenous NO inhibitor [14, 15] , suggest that AIx may reflect NO bioavailability. Recent reports showed that significant association of arginine/ADMA level and baPWV [16] suggests baPWV also may reflect NO bioavailability. Furthermore, these indices are considered to be useful surrogate markers of atherosclerosis [17] .
Besides these noninvasive indices, biochemical markers have also been reported to be useful to assess endothelial dysfunction. High-density lipoprotein cholesterol (HDL-C) induces NO by activating eNOS through Akt and mitogenactivated protein (MAP) kinases [18] . Thus, it is not unreasonable to consider non HDL-C, subtracting HDL-C from total cholesterol (T-chol) to HDL-C and triglyceride to HDL-C (TG/HDL-C) ratios can reflect endothelial dysfunction. Indeed, they have been reported as good markers for arterial stiffness [19] and coronary heart disease [20] . Furthermore, it has been reported urinary albumin to creatinine ratio (ACR) is significantly associated with arterial stiffness [21] .
In the meantime, the influence of the eNOS T-786C polymorphism on arterial stiffness in general population has been rarely studied. We hypothesize that this polymorphism would contribute to prediction and prevention of arteriosclerotic diseases in general population depending on age and gender.
Here, we have investigated this polymorphism with markers related to arterial stiffness such as baPWV, AIx@75, PP and ACR together with non-HDL-C/HDL-C ratio in Japanese general population, to clarify the influence of eNOS genotype on arterial stiffness by age and gender.
Materials and methods

Study population
The participants were inhabitants living in a rural town of Wakayama Japan (9844 people C35 years old) who participated in annual health checkups conducted in July 2011 and July 2012. In 2011, among 1496 people who had health checkups, 987 people (474 male and 513 female) gave written informed consent for this study. In 2012, among 1801 people who had health checkups, 547 people (257 male and 290 female) who did not participate in this study in 2011 gave written informed consent for this study. In total, 1534 participants (731 male and 803 female) were recruited for this study. Among them, 1499 participants who fulfilled all variables were included in the present study. This study was approved by the ethical committee for analytical research on the human genome of Wakayama Medical University (Approval No. 92).
Questionnaire and measurements
A self-administered questionnaire including items on alcohol drinking consumption, cigarette smoking and waling status was used for data collection. Participants were also asked whether they took prescription medication for hypertension, diabetes, or higher cholesterol. Body height and weight were measured using a standard protocol to obtain body mass index (BMI). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice in seated position quietly using an automated sphygmomanometer (HEM-907; Omron, Kyoto, Japan) and mean value was calculated. A venous blood sample was taken for measuring TG, T-chol, and HDL-C. Of total 1499 participants, we excluded 91 participants who were not fasting for TG analysis (N = 1408). TG and T-chol were measured by enzymatic method (Determiner C TG and Determiner L TC II; Kyowa Medex, Tokyo, Japan). HDL-C and LDL-C were measured by direct method (Cholestest N HDL and Cholestest LDL; Sekisui Medical, Tokyo, Japan). Non HDL-C was calculated as subtracting HDL-C from Tchol. Urine sample was collected on site to measure urinary albumin (UA) and urinary creatinine. UA was measured by latex agglutination method (LX-Alb-II; Eiken Chemical, Tokyo, Japan). Urinary creatinine was measured using enzymatic method (Accuras Auto CRE; Shino-Test, Tokyo, Japan). Because the urine sample was spot urine, albumin creatinine ratio (ACR) was calculated using the formula, ACR ¼ UA mg/L ð Þ=creatinine mg/dL ð ÞÂ100.
Measurement of arteriosclerotic parameters
The detail measurement of baPWV were described elsewhere [22] . Briefly, measurement was performed using a volume-plethysmographic apparatus (BP-203RPE II form 2, Omron Colin, Tokyo, Japan). The higher value of baPWV was used in the analyses. Measurements of baPWV with this apparatus have been reported to have good interobserver and intraobserver reproducibility [23] . AIx was assessed by computerized radial artery pulse wave analysis using an automated tonometric system (HEM-9000AI; Omron Colin). AIx was defined as the ratio of first systolic peaks to late systolic peaks. Since AIx was reported to be dependents on heart rate [24] , AIx@75 as normalized for a heart rate of 75 bpm was used in the analyses. Because of technical difficulty, we were not able to perform AIx measurement to participants over 75 years (N = 1329). PP was calculated as subtracting DBP from SBP.
eNOS genotyping
Genomic DNA was extracted from whole blood using NucleoSpin Blood (Macherey-Nagel, Duren, Germany). Genotyping for the eNOS T-786C (rs2070744) was performed using TaqMan SNP Genotyping Assays (AssayID: C_15909863_10, Applied Biosystems, Carlsbad, CA) with real-time PCR on 7300 Real-time PCR System (Applied Biosystems). PCR cycle was carried out according to the manufacturer's instructions. Results were analyzed by SDS 1.3 software for ABI 7300 (Applied Biosystems).
Statistical analysis
All statistical analyses were performed using STATA statistical software version 13 (STATA Corp., College Station, TX). Participants were categorized into two groups by their age; as older (C65 years) and younger group (\65 years). When the distributions of biochemical values were skewed, data were transformed logarithmically before performing analyses. Differences in gender were tested using the Student's t test. Proportions of current alcohol consumption, cigarette smoking, walking status and medication were tested using Chi-square test.
Correlations among arteriosclerotic parameters were tested by using partial correlation analysis adjusted for age, BMI, gender (0: men, 1: women), current alcohol consumption (0: never or rarely, 1: habitually), cigarette smoking habit (0: ex/nonsmoker, 1: current smoker), walking habit (0: regularly walking C1 h/day, 1: \1 h/day) and medication (0: no, 1: yes). Differences in the means for arteriosclerotic parameters according to the eNOS genotypes (non-C allele carriers vs C allele carriers) were statistically tested by analysis of covariance (ANCOVA) adjusted for age, BMI, gender, medication, current alcohol consumption, cigarette smoking and walking habits. P-values of \0.05 were considered statistically significant.
Results
The genotype frequency was within the Hardy-Weinberg equilibrium (total: v 2 = 0.081, P [ 0.05; men: v 2 = 0.098, P [ 0.05; women: v 2 = 0.007, P [ 0.05). The basic characteristics of participants according to age groups and gender were shown in Table 1 . Overall, baPWV was significantly higher in men, whereas, AIx@75 and ACR were significantly higher in women. Non-HDL-C/HDL-C ratios were significantly higher in men. These tendencies were consistent in younger group. In older group, AIx@75 was significantly higher in women; however, no significant differences were seen in baPWV, ACR and non-HDL-C/ HDL-C ratio. PP showed no significant gender difference. Table 2 showed the proportion of selected lifestyle factors and medication among participants. None of these proportions were statistically significant between eNOS genotypes irrespective of age and gender groups. The proportion of who were on medication was higher in older participants compared to those in younger participants, independent from eNOS genotype or gender (P \ 0.005 for all comparisons). Table 3 showed estimated mean (SE) of each variables according to their genotypes in ANCOVA analyses. In men, the non-C allele carriers showed significantly higher non-HDL-C/ HDL-C ratio compared to those in the C allele carriers. The non-C allele carriers also showed trend of higher PP. In younger men, the non-C allele carriers showed significantly higher PP compared to those in the C allele carriers. In older men, the non-C allele carriers showed significantly higher ACR and non-HDL-C/HDL-C ratio compared to those in the C allele carriers. In contrast, in younger women, the non-C allele carriers showed significantly lower AIx@75 compared to those in the C allele carriers. In older women, the non-C allele carriers also showed significantly lower baPWV and trend of lower PP compared to those in the C allele carriers. Meanwhile, in older women, the non-C allele carriers showed trend of higher non-HDL-C/HDL-C ratio compared to those in the C allele carriers.
Then, we examined the effects of medication on the associations of eNOS T-786C genotypes with HDL and non-HDL cholesterols and PP which showed inverse associations with T-786C genotypes (Table 4) . Overall, in men without medication, the non-C allele carriers showed lower HDL-C, higher non-HDL-C compared to those in the C allele carriers independent of age, but differences were not statistically significant. In younger men, the non-C allele carriers showed trend of higher PP compared to those in the C allele carriers. In men on cholesterol-lowering medication, the non-C allele carriers showed significantly higher non-HDL-C compared to those in the C allele carriers. This tendency was seen in both younger and older group, but the differences were not statistically significant. In men on anti-hypertensive medication, the non-C allele carriers showed higher PP compared to those in the C allele carriers, but the differences were not statistically significant. In women without cholesterol-lowering medication, the non-C allele carriers showed lower HDL-C and lower non-HDL-C except older group, in which the non-C allele carriers showed higher non-HDL-C compared to those in the C allele carriers; however, none of these differences were statistically significant. In contrast, women with medication, the non-C allele carriers showed higher HDL- C and higher non-HDL-C, but the differences were not statistically significant.
Discussion
The novel finding in the present study is that T-786C polymorphism in the promoter region in eNOS gene was significantly associated with arterial stiffness accompanied with age and gender differences. C allele is significantly associated with higher AIx@75 in women aged \65 years and with higher baPWV in women aged C65 years. In contrast, C allele is significantly and inversely associated with PP in men aged \65 years and with ACR and non-HDL-C/HDL-C ratio in men aged C65 years. The present study subjects also had measurement of ankle-brachial index (ABI) and included 18 participants (14 male and 4 female) whose ABI values were \0.9. We re-examined associations of the eNOS polymorphism and baPWV excluding those with ABI \0.9, and we obtained similar results; C-allele was associated (P = 0.031) with higher baPWV in women aged C65 years (data not shown). To our knowledge, there has been very limited number of studies reported the association of T-786C polymorphism with arteriosclerotic parameters. The study conducted with CAD patients failed to find the association of this polymorphism with AIx in the univariate analysis [25] . Another study showed significant positive association of T-786C polymorphism with albuminuria in participants containing diabetes patients (83 %) [26] , which is inconsistent with our observation in the men aged C65 years in the present study. These previous studies were conducted with patients, thus, those results might not consistent with our findings in the present study, because the degree of arteriosclerotic parameters and endothelial function could be altered in patients with these diseases. Furthermore, these previous studies analyzed men and women together, and gender differences were not considered. Since NO production is affected by sex hormone, gender and age differences cannot be negligible. In fact, estrogen increases eNOS activity via phosphatidylinositol 3-kinase/Akt (PI3k/ Akt) pathway or by reducing oxidative stress [27] . The expression of estrogen receptor associated with eNOS protein expression is greater in premenopausal women compared to those in postmenopausal women [28] . Although underlying mechanism is not as clear as estrogen, recent study revealed that androgens increase eNOS expression as well [29] . As those sex hormones decrease by aging, it is very important to consider age and gender differences when investigate the influence of eNOS polymorphisms. The details about menstrual status of the participants in the present study are unavailable; nevertheless, we assume the participants aged C65 years were less influenced by benefit of sex hormones.
The earliest study has shown reduction of promoter activity by 52 ± 11 % because of this mutation in HUVEC [8] . In consistent to in vitro study, the eNOS mRNA level 
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Non-C carrier C carrier P Non-C carrier C carrier P Non-C carrier C carrier P in peripheral blood mononuclear cells shows a tendency towards a decrease with the number of C allele [30] . If this is the case for all, C allele should show positive association with arteriosclerotic parameters. It is actually true on AIx@75, baPWV, and PP in women in the present study. The age differences on the association of C allele with these indices can be explained partially by estrogen status. In addition, it has been reported that AIx is more sensitive in younger individuals [31] . Not like the influence of T-786C mutation on eNOS mRNA expression, the influence of this mutation on NO production in human is rather complicated. Since NO is rapidly oxidized to nitrite and nitrate (NOx) in vivo, measurement of NOx rather than NO itself has been used to assess the endogenous NO production [32] . Study conducted with healthy male population showed no association between T-786C polymorphism and circulating NOx concentration [33] . In contrast, plasma NOx concentration was significantly higher in CC homozygous in control group but not in CAD patients [34] . The reason of this discrepancy is unclear; however, there are differences between these two studies. Earlier study was assessed among younger men (mean age TT: 31.1 ± 9.1, TC: 32.3 ± 9.8, CC: 32.2 ± 9.9 years); whereas later study assessed among older subjects including women (men 71.6 %, mean age 51.8 ± 8.9 years). Thus, age and gender differences on NO production might cause this discrepancy.
To clarify the unexpected inverse association of eNOS T-786C polymorphisms with arteriosclerotic parameters in men, we first simply hypothesized which might be caused by the effects of cholesterol-lowering or anti-hypertensive medications. It has been reported that statins, cholesterollowering drugs, improve endothelial function and inhibit oxidative stress by increasing eNOS expression and enhance NO production through PI3k/Akt signaling [35] . Several studies have shown that effects of statins on reduction of oxidative stress, inflammation and metabolic lipid parameters were greater in CC homozygous than those in TT homozygous by modulating NO bioavailability [36] [37] [38] . This might support our findings in which men with C allele on cholesterol-lowering medication showed significantly lower non-HDL-C compared to those in TT homozygous. With respect to PP, men without anti-hypertensive medication with C allele showed trend being associated with lower PP compared to those with the non-C allele carriers. Although the difference was not statistically significant, this tendency was also seen in men on antihypertensive medication. Thus, the effects of medications do not explain fully our finding in inverse association in men.
There are several limitations in the present study. First, since this is the cross-sectional design, causal relationship between eNOS T-786C polymorphism and arteriosclerotic parameters remains unclear. If C allele respond to stress more favorably compared to those in TT homozygous as described above, life style factors which affect NO production such as exercise might have influence on NO bioavailability in C allele. Accumulation of these effects by aging might alter arteriosclerotic parameters. Further follow-up studies will help examine our hypothesis and clarify the causal relationship. Second, there are other genetic variations on eNOS gene, such as a SNP in exon 7 (Glu298Asp, rs1799983) and a variable number of tandem repeats (VNTR) in intron 4. It has been reported that specific haplotype C-Glu-4b (''C'' of T-786C, ''Glu'' of Glu298Asp and ''4b'' of VNTR) is significantly associated with lower circulating NOx concentrations [39] . Recently, it has been reported that carriers of C-Glu showed increases in NO 2 concentration after training independent of VNTR [40] . Thus, haplotype analyses are warranted to clarify the influence of eNOS on arteriosclerotic parameters. Third, because we have made comparisons for several arteriosclerotic parameters between non-C and C allele carriers by age and gender, we need to keep in mind possibilities of the effects of multiple comparisons. It is of importance to examine reproducibility of the current results in future studies with larger number of the study subjects.
Because the eNOS T-786C polymorphism has been associated with hypertension, ischemic stroke, diabetic nephropathy and coronary artery disease (CAD) in recent meta-analyses [9] [10] [11] [12] 41] , it is of great importance to investigate relationships between the polymorphism and arteriosclerotic parameters such as PWV, AIx, and albuminuria. It is also important to investigate relationships between this polymorphism and relatively late-stage arteriosclerotic parameters such as ABI and carotid intimamedia thickness (CIMT). Those investigations would provide collective idea for the effects of this polymorphism on stage-specific arteriosclerotic parameter changes. Furthermore, prospective studies to investigate the effects of this polymorphism and other factors on arteriosclerotic parameters with large number of study subjects are of great importance. We plan to do such studies in near future.
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